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 3 
Introduction 
 
Nowadays, more and more findings emerged from the Black Sea and here it comes the 
Underwater and Maritime archaeology to discover and interpret these findings. The sea and 
especially the Black Sea has to offer us much more discoveries to understand how the 
colonists went to this region and what they carried out, also. Like in the land we have the 
cemeteries which give us a great quantity of information about the Greeks and non- Greeks 
who lived there, so in the sea we have the cemetery of ships and many times the ruins of 
some colonies and this cemetery will help us to complete the image of the colonies, the way 
which the first Greeks went in Black Sea and later their posterities, while the way of their 
evolution. To be more coherent, I would like to imagine it as a puzzle, the archaeology of the 
land gives as a great part of information and it is many pieces of our puzzle but there is 
something that it is missing and that gap the archaeology of the sea (underwater and maritime 
archaeology) comes to cover it and offer the other pieces and with this way we could have the 
complete picture of the past of the colonists.  
In my dissertation, I would like to appoint the methods of underwater archaeology, with 
which any archaeologist could follow and organize his research simply. I have noticed that in 
this section of archaeology many scientists do not come from the area of archaeology, like 
Robert Ballard (professor of oceanography) or Lashika Medagoda, who is a postdoctoral 
investigator in “Applied Ocean Physics & Engineering” and many others.  There are few 
archaeologists who are involved with this part of archaeology. I would like to create a paper 
in which the methods of underwater archaeology would be explained with simple words 
without many mathematics or physics or chemic. And this is one part. On the other part, my 
aim is to take these methods and apply to Black Sea region. As I mentioned above, I strongly 
believe that Black Sea has to offer us a lot of information but a great amount of this 
information due to geophysical changes are down the water. So, I would like to present the 
ways in which we will gain this information.  
As I imagined my dissertation, I would follow a particular structure to two main chapters for 
being more coherent and simple. My aim is to start with the methods of underwater 
archaeology. In this first chapter, I studied the methods of underwater archaeology so that the 
underwater archaeologist will know which method is the best to apply in the ancient cities of 
the Black Sea that I will refer in the next chapter. I would like to show how we could locate 
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the ruins of the cities and shipwrecks underwater and when we discover them how we could 
plan, organize the research and excavate but there will be only the basics because then it is 
essential the knowledge of mathematics and physics. 
In continue, in the second chapter,
1
I studied which cities has underwater ruins or shipwrecks 
who are connected with the ancient cities of the Black Sea region. This chapter is divided in 
four categories depending on the region: 1.Westrern Black Sea, 2. Northern Black Sea, 3. 
Eastern Black Sea and 4. Southern Black Sea. In addition, these cities with the passing of 
time and due to geological changes of the region, has been ended to be under the water. 
According to the “Noah’s Flood Hypothesis”, during the Ice Age, the Black Sea was a lake 
full of fresh water but with the melting of ice, about 12.000 years ago, the oceans and sea 
came bigger and deeper. Then, about 7.000 years ago, the Mediterranean Sea swelled. The 
seawater pushed at the North slicing through what is formed the present Turkey. Afterwards, 
the water passed with strength through the narrow Bosporus and it hit the Black Sea with 200 
times the force of Niagara Falls. Each day the level of the water of Black Sea was rising 
about 15 centimeters, and coastal areas were flooded
2
. This phenomenon was called “Noah’s 
Flood” and so that the cities now are submerged.     
To conclude, I hope to create a small handbook of underwater archaeology, which will be 
specialized in the region of Black Sea. Moreover, there is not, unfortunately, a guide to show 
how the methods of underwater archaeology could apply in Black Sea. So, I could try to give 
a small contribution to this part of archaeology, which is neglected because it is something 
new. It is my expectation that from the underwater archaeology could learn more for the 
ancient coastal cities of Black Sea and for this reason I would like to give the tools to 
discover more. It is my ambition that this dissertation would be used as a handbook for 
organizing underwater research and completing the whole picture of the submerged colonies. 
 
 
 
 
                                                 
1
This chapter is obviously smaller from the first chapter because I would like to this dissertation to emphasize to 
the methods of underwater archaeology and then how they could use in thecolonies of the Black Sea region.  
2
R. Ballard, 2000: http://www.nationalgeographic.com/blacksea/ax/frame.html, Yanko-Hombach V., Gilbert V., 
Panin A.S., Dolukhanov N., 2007 and Ryan W., Pitman W., 1998 
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1st Chapter: The methods of underwater archaeology 
 
i. Planning an underwater excavation 
Initially, an underwater excavation starts with the right choice of the site. This choice 
usually is based on historical sources, local traditions or at the most of times on the 
information of the fishermen.
3
 
After the finding of the place it is very significant the creation of a plan, especially in 
underwater archaeology because in each different type of findings that archaeologists 
discovered, the plan changes and always there should be the patience and the flexibility to 
correspond to any difficult situation.
4
 
The plan, also, is called “research design” and there are some specific steps that an 
archaeologist should follow: 
 Reasons for carrying out the expedition (Research or Rescue5?) 
 Aims and questions 
 Strategy of the fieldwork 
 Planning of timetable 
 Availability of staff, equipment and money 
 How the evidences would record 
 Methods that would be followed in the excavation 
 Conservation  
 Post- fieldwork research 
 Eventual destination of the records and the material 
 Publicity of the work 
A good research design would help to improve the work while the archaeologists would 
be ready to solve any kind of problem or they could more money for their investigations 
                                                 
3
M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p. 70- 71 
4
M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p. 58- 60 
5
Research archaeology is when the aim is to fill a gap to our knowledge and Rescue (or salvage) archaeology is 
when the archaeologists aim to prevent to lose a site that it is ready to be destroyed. M. Dean, B. Ferrari, I. 
Oxley, M. Redknap and K. Watson, 1996, p. 60- 61  
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because many organizations could see their well- done work and as a result of all would 
be the success of their goals.
6
 
The fieldwork strategies play an important role to conduct an investigation. Different 
types of strategy supply us with different information. It is necessary that always an 
underwater archaeologist should think the aims and which the best way to answer to the 
questions. For example, a non- architectural investigation demands the sampling 
technique or all the excavations should not have the same form of recording. 
Furthermore, the technique should choose with the environmental conditions, too like 
collapsed of the land into the sea like those that they are happening to the coastal cities of 
Black Sea and many parts of the ancient cities had lost in this way. Finally, major issue is 
the time. An underwater archaeological excavation should be perfectly organized because 
it is more influenced by the weather conditions, such as storms, currents etc.
7
 
We should not forget that it is essential the studies of other fields, like hydrographic, 
geological or even biological for the undertaking of the survey. There are, also, some 
other practical issues that the researchers should take into consideration:  
 The objective of the work 
 The size of the area that would be investigated 
 The size of the expected findings 
 The condition of the site 
 The environmental conditions 
 The limiting for the use of boat and the diving operations 
 The time, resources and staff that are available8 
In the planning of excavation, it is necessary that there is the right equipment and the 
right place to work. It is significant that each member of the project, mainly the divers, 
has his own equipment of scuba- diving for their safety. The good preservation helps to 
avoid any kind of accidents. As regarding the place of work, the supervisor of the 
excavation could choose among three or four places that a survey could be conducted; a 
small boat, a large hard- boat, on a platform or even if the excavation is in swallow water, 
                                                 
6
M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p. 60- 62 
7
M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p. 61- 62 and K. Watson, A. Gale, 1990, p. 
183- 192 
8
M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p. 62- 63 
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in the coast. Many times the small boats are adequate for the research. In the below 
picture, we could see the organization on the boat: 
 
Figure 1The organization on a boat: a) Recording the findings, putting them into the boxes, labeling and bagging up, b) 
Diver writing up logs, c) Diver in the process of being briefed before entering the water, d) Support being provided to 
diver by assistant, e) Wet storage area, f) Divers return from the diving holding box with the find, g) Supply for packing 
and labeling materials, h) Kit and cylinders well stored. 
When the space is considered small, larger boats are used but with the same organization. 
However, except of boats, platforms could be used when the excavation is near to the 
coast. Platforms could have advantages and disadvantages. On the one hand, 
archaeologists have a direct and easy access to the site and the survey becomes with less 
more difficulty and on the other hand it is a very expensive construction for built, 
maintain and remove and also there is the danger that it could destroy evidences that were 
not identified before the construction.
9
 
Continuing to the procedures, then it should be chosen which excavation method would 
be followed; the sampling or the total excavation. The first one has the aim to gain 
information which will lead to some conclusions with the minimum damage of the 
evidences. It is important that the location and the size of the sample to be considered 
                                                 
9
M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p. 63- 64 
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carefully. The ideal sample would be if all the elements were in the same proportions as 
they exist in the whole. Generally, the sampling answers to specific questions such as the 
depiction of a stratigraphic relationship between two contexts. In the sampling, it should 
not be forgotten the evaluation of how the sample is representative in comparison of the 
whole. The second method of excavation is this one which is a 100% sample. This 
method is preferred when the sampling is not enough to answer to the questions.
10
 
In general, the excavations have various approaches and also the size is different and 
varies from small test pits, trenches to large areas. Usually the excavations of large areas 
is avoided because material evidences could be destroyed but also the small pits and 
trenches could not offer the sufficient information.
11
 
ii. Recording 
Another significant process for all types of excavations is the recording of the evidences. It 
helps the archaeologists to remember any detail for the site or for a post- fieldwork research 
or even to save the information if the site is going to be destroyed. So, already from the 
beginning of the planning of the excavation should be assured the system of the recording 
and this would be decided in relation to the location or the information that the archaeologists 
consider that they need.
12
 
The director of the excavation records usually the information of a site in his notebook. It is 
easy in use but he cannot record the details of the excavation. On the other hand, the 
archaeologists at the most of the times use pre- printed forms like the below ones: 
                                                 
10
M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p. 74 
11
M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p. 74- 76 
12
M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p. 88- 90 
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Figure 2Examplesof recording pre- printed forms: A) Context sheet B)Dive report  
The pre- printed forms could be useful because all the information that need, are in order and 
it is difficult to forget something. Although, they are needed more preparation before their 
use and more to explain them. Each excavation puts in the form the information which is 
essential for the particular site. 
Furthermore, there some elements to record that are essential for every excavation. These 
elements are: 
 
 Position: site name, trench name, position coordinates etc 
 Description: name of the finding (shred, architectural element, etc), shape, sediment 
color, composition, condition of the finding, dimensions and date. 
 Relationships: before context “x” (below), filled by, cut by, butted by, contemporary 
with context “x”, after context “x” (above), fill of, cuts of, butts. 
 Associations: types of the object that found in the context or when there is timber: 
jointed to, fastened to. 
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 Interpretations: interpretive comments, reasons for taking sample, method of 
excavation, the environmental conditions, etc. 
 Co- ordination of records: relevant plans, photographs, conservation records, 
sketches, etc. 
 Who excavates? Who are his assistants?13 
However, always an archaeologist in all the situations should think about how the 
information would be recorded and eventually he should choose the best recording system 
for the site. The trick for a good recording system is to record more details than seem to 
be necessary and also the explanation of the recorded items is important. Finally, the 
scholar should be careful to the potential information and it would be useful if he takes 
the advice of a specialist even if something looks easy.
14
 
Additionally, it is significant the finds to include in a recording context. So, there are four 
main contexts; structures, cuts, fills, layers or even a pile of shreds or rocks. For example, 
when the archaeologists found the shipwrecks of Sinope, it was recording in the context 
of structures. Furthermore, the holes or voids made by man or nature are important to 
record as a context because they may have archaeological findings inside or the hull of 
the ship may be buried there.
15
 
Recording stratigraphy is essential for understanding the relationship of the finding with 
the environment around it. This could happen either with a written description, such as 
below above, next, within, etc. either the Harris matrix, a method that presents the 
sequence.
16
 
                                                 
13
M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p. 91- 92 and Watson K., Gale A., 1990 
14
M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p. 92- 93 
15
M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p. 93 
16
M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p. 94 
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Figure 3Stratigraphicaldiagrams: A. Simple sequence of direct relationships between contexts, B. Relationships can be 
presented between contexts 2 and 1 and 3 and 1 but not between 2 and 3, C. With the use of the principles of A and B, 
the direct relationships can be explained in diagrammatic form 
In continue the recording of environmental evidences and should not be forgotten because 
they are important for conservator to know the environment where the object was laying 
and then he should decide the optimum way for conservation. Moreover, the recording of 
the objects is valuable because they could be damaged during the excavation and it is 
important to be known their initial situation.
17
 
I consider that the recording of the timber is one of the most significant procedures in an 
underwater excavation because when it comes later contact with the oxygen may be 
destroyed or even from the tools of the archaeologists. So, accurate location, orientation 
angle, and inclination of small detached elements must be recorded immediately. 
Analytically, archaeologists should categorize the recording information for the timber in 
three parts; the appearance, interpretation and natural characteristics. First of all, in the 
appearance it is necessary to be recorded its dimensions, any surface features, like tool 
marks, its condition (usually there is scale and put 5- fresh to 1- worn for all the sides), 
internal condition ( on a scale from 5- solid to1- soft. It is essential for the conservation) 
and if there is any penetration and if there is which the depth is. Secondly, as regarding 
the interpretation, it should be recorded the purpose of the timber within the structure, the 
fitting details, like joints or nails or if it is reused or had any modifications. Finally, if it is 
possible, archaeologists could record the kind of tree and natural or induced growth 
features.
18
 
                                                 
17
M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p. 96- 97 
18
M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p. 97- 99 
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Moreover, it is important for the underwater archaeology to be recorded the dive logs. 
These logs are essential for the post0 fieldwork study because there are the initial 
observations when still the objects are underwater. A dive log and a sheet for the 
recording of the timber there are in the figure 4, on the dive log it is referring the diver 
(his name and his equipment), the dive (time, depth and decompression), the 
environmental conditions (visibility, currents), the tasks and the results (observations, 
measurements).
19
 
 
Figure 4The first plan is a timber recording sheet and the second is a recording card  
Finally, I believe that a well- organized referring system would help for a great recording 
system. So, there are some numbering systems. Each recorded item should have a unique 
name or label which should be referred to the site, the context and the number of the item 
itself. Which will be the type of labelling? This depends on personal preference. A simple 
numbering system is to exist five categories a run of numbers, e.g. 0001- 999 for objects, 
1000- 1999 for contexts, 2000- 2999 for samples, etc. These numbers, also, could be 
printed into the forms for avoiding mistakes. In addition, it is common the use of run of 
numbers with the letter prefixes but it is essential to remember the prefix, otherwise the 
number would not be unique and also, it is preferable to avoid interpretive prefixes 
because then they are confusing. For example, “S” could be interpreted as a sample or 
standard. The numbers and the letters could be used together or individual to mark the 
site, e.g. Sinope’s shipwreck is Sinope A, B, C, D. other labels in the referring system 
                                                 
19
M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p. 102 
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could have codes like b/w = black and white, etc. it is significant that two or more 
systems should be avoided because they could cause confusion.
20
 
The last that I would like to mention is that the computers have changed dramatically the 
recording systems. All the records should be existed into a specific database, so when the 
scholar needs to study a former record, he can see it quickly and all the evidence is not 
possible to be lost. The electronic database is the source of information.
21
 
iii. Position Fixing 
The finding and the recording of the position of the archaeological remains is essential in 
every type of archaeology but also it could be proved problematic for the underwater 
archaeology because when the excavation is not near to the coast, there are no identifiable 
characteristics for taking measures and even when it is close to the coast, there must be 
attention to the points from which the archaeologists measure.  
There are some factors that should be considered before the measurement: 
 Likely numbers of fixes 
 The available equipment and resources 
 The required degree of accuracy 
 The expertise and experience of the personnel 
 The time for the investigation22 
On maps and marine's charts, the archaeological remains are expressed as a co- ordinate in 
degrees and minutes of latitude and longitude or as a numerical co- ordinate of the national 
survey grid system. It is important to remember that the latitude, the horizontal co- ordinate 
should be given before the longitude, the vertical co- ordinate. The latitude has the 
appropriate suffix of North or South, depending on which side the equator is situated and the 
longitude has the suffix of East or West, depending on which side the zero meridian
23
 is 
located.
24
 
                                                 
20
M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p. 103 
21
M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p.104- 105 
22
M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p. 108 
23
The zero meridian is the line which joins the northern and southern poles and passes through the old Royal 
Observatory in Greenwich 
24
M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p. 108- 110 
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A significant question is how many points are necessary. One single point is very rare and 
when it is used, it is for an isolated finding, such as a shred or an anchor. The most accurate is 
when there are two and more points, which could be cross- checked against each other.
25
 
As regarding the methods of position fixing, we could categorize them in two main 
categories; the optical and the electronic. The optical methods are based on the abilities of the 
scholar and there is not almost the presence of technology. The disadvantage of these 
methods is that the archaeological remains should be visible to the scholar. The optical 
method has four subcategories: 
a. Transits: The visual alignment of two charted elements creates a line of sight and a 
second pair of aligned elements at approximately 
90 degrees to the first and visible from the same 
position. A third transit could be created for check 
if the elements are actually those that are charted. 
This will create an intersection, which will show 
the accurate position of the archaeological site. 
Generally, this method is accurate and inexpensive 
because all that it is needed is a map or a chart and 
probably a camera for recording the transits. However, in underwater archaeology it is 
rare the elements to be in a convent places, relative to each other. It is possible that 
the elements are not arranged in a row and then it could be formed an open transit 
(elements that are apart from each other) or a close transit (the one could be partially 
or totally hidden behind each other). Another problem could be caused by the natural 
features, like cliffs or the edges of the islands. For example, in Berezan it is difficult 
to apply this method due to steep slopes. So, it is not always practical because the 
transits are not often visible because of the low visibility of the surface by intervening 
landforms or vegetation.
26
 
b. Compass bearings: A charted element is lined up with the sights on compass bearing 
and a reading. The bearings should be at least two or three different elements and they 
should have difference in angle, approximately 60 degrees. If two bearings are plotted 
on a chart by using the compass rose printed or by physical measurement with the 
protractor from magnetic north, the two lines should be intersected at a point. A third 
                                                 
25
M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p. 110 
26
M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p. 111- 112 
Figure 5 The coastal features could be 
used for fixing position as transit 
marks. 
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bearing will be the cross- checked for the accuracy and it should pass through the 
intersection. Often it is formed a small triangle, which is called “cocked hat” and if it 
is large, there is a mistake. 
 
Figure 6A triangle with error or otherwise “cooked hat”. 
For the use of this method, the archaeologist should have a prismatic or hand bearing 
compass or binoculars with a compass above and they could be used either from the 
coast or the boat. Electronic compasses have greater accuracy than the compasses, 
which have the card that rotates in a liquid, but the electronic ones so far give a 
bearing within 0.5 degree. It is a simple procedure that it could be held in a moving 
boat but we should be careful because the 
magnetic compass is influenced easily by the 
iron and the steel and also it is important to 
not be forgotten that the bearings are taken in 
relevance to the magnetic North and not the 
true one. The difference between these two 
varies in time and in geographical position. 
Maps and charts have printed information 
that are needed for the calculation of the 
difference between the two Norths and the 
north alignment of the grid of the map or 
chart is very useful.
27
 
c. Sextant: It is the most common method for the fixing position for the coastal 
investigation. For the sextant, a protractor and a telescope linked by mirrors, which 
                                                 
27
M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p. 112- 113 
Figure 7 Finding the position with sextant angles 
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give an angle between two different elements, are essential. Sextants are, also, useful 
for hydrographic surveys because they are accurate, portable and inexpensive. The 
method with sextant seems a little more complex than the previous ones (transits and 
compass). The sextant is measuring horizontal angles between visible elements of 
known positions. The angles should be approximately 60 degrees for having accurate 
results but also it is possible that angles as low as 30 degrees and as big as 120 
degrees have given reliable results. Usually, two angles are taken between three 
charted features but for more accuracy it is better to be taken and a third angle 
between four charted features. Then, there are different ways for fixing the position 
on the chart. One way is that the angles could be drawn on a semi- transparent 
draughting film and then this film would be put on the chart and would be moved 
until the particular features intersected with the lines of the plotted position. Another 
way is with the use of the station pointer and a protractor with one stable and two 
moved arms set at two of the measured angles. This, also, is moving on a chart until 
the arms meet the three features and the center is above the plot position. 
Additionally, the position could be plot geometrically drawing a baseline between left 
hand pair of elements and drawing a line at an angle of 90 degrees. An example is in 
the next picture, where the angle between A and B is 40
o 
and so the lines move from 
the baseline at 90
o – 40o = 50o and the angle between B and C is 45o and the lines from 
the baseline extend at 90
o – 45o = 45o.The intersection of these lines is the center of 
the circle of radius, which is equal to the distance between the elements and the 
center. So, a second circle would be drawn on the baseline in the same way between 
another element and an existing pair of features that already are used and we conclude 
that the intersection of these two circles are the position that we are looking for. The 
sextant is accurate within 1 m radius. If the angles are too small or too big, the 
accuracy tends to decrease. The measurement with the sextant requires a lot of 
practice in a moving boat because it is easy to make mistakes. Furthermore, for the 
accuracy of this method, a great role plays the equipment. A cheap sextant made of 
plastic could measure angles down to 0.2 minutes (1/300 of a degree), which is 
enough to take the angles but the poor quality of telescope’s lens make less accurate 
the distance of elements more than few kilometers and especially if the conditions are 
not ideal. The plastic sextants, also, are sensitive to the hot weather and they could be 
destroyed. It is unquestionable the difficulty to pass the same angles accurately on the 
chart from those which have been taken. The best solution is the mechanical plotting 
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of position. It is possible the use of programs that are programmable calculators and 
they are possible to be portable on a boat and operate the essential calculations. 
Usually these programs are calculating the position trigonometrically. The surveyor 
enters three charted features and then a fourth for more accurate results. The angles 
are entered and from this the position is calculated with accuracy less than 1 m. It is 
necessary to remember that the projection is used to show the earth’s curved surface 
as a two-dimensional drawing on a chart and in some programs it is important to enter 
this information.
28
 
d. Theodolite: It is a telescope that could be rotated horizontally and vertically against 
fixed scales. The use of theodolite is similar with this of sextant. Theodolite needs a 
stable ground on which the supporting tripods step. It is not made for a moving boat 
and so the measurements are realized from the shore. The method is based on a series 
of buoys that show the seabed and the theodolite should be fixed by taking angles 
between visible charted elements. The angles between a charted element and each 
buoy could be measured and the process continues from another station in the same 
way. When the position of the two stations is established, lines would be drawn at the 
angles that are measured from each station and they would be intersected in 
approximately 60 degrees, with the aim to show the buoy positions. A third station is 
good to be taken for having more accurate results. The archaeological sites that are 
near to the cliffs or sand dunes have the problem that the fixed features are not visible 
and so this method is enough practical. If theodolite is combined with an Electronic 
Distance Measuring (EDM) device, the theodolite could quickly find many buoy 
positions from one single station but it is essential to be existed and a second station 
for cross- check. Generally, this method has a great accuracy, 1 second of arc (1/3600 
of a degree) but it is very vulnerable in the environmental conditions, its function is a 
little complicated and it is too expensive.
29
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M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p. 113- 118 
29
M. Dean, B. Ferrari, I. Oxley, M. Redknap and K. Watson, 1996, p. 118- 120 
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Figure 8The use of theodolite under the waterFigure 9   The total station of theodolite 
Except of the optical methods of fixing a position, there are also the electronic ones, 
which are more efficient, accurate and quick but they are very expensive, complex and 
usually they are not transferred easily. It is needed persons that are specializing on them. 
In the electronic methods, we have the following categories: 
a. International Hyperbolic Navigation Systems: they are systems that are based on a 
network of permanent radio transmission stations on the shore. It is essential a 
receiver on the boat which interprets the signal and then calculates the position. 
There are two versions, Decca and Loran C, which act with a lightly different 
way. They are not too accurate because the indicated position could be solved 
within 0.01 of a minute of latitude or longitude. Although this disadvantage, it is 
necessary the degree of repeatability of the combination of the aerial and the 
receiver on a boat. When the position has been visited and the co- ordinates have 
been recorded, it is possible to use the same instrument to find the original 
position within almost 50m, to wit a distance enough large for using as a position 
fixing for research purposes and a distance enough small for being possible the 
relocation of a site or an item on the seabed.
30
 
b. Microwave Shore Stations: this system uses the velocity of radio waves, which are 
transmitted for the stations on the shore and interrogated by the mobile Distance 
Measuring Unit (DMU). The essential information reach at the boat and pass into 
a computer, which show the heading and a helmsman should lead along a planned 
course. A plotter is connected with a recorder that presents graphically the track 
that has been taken. This characteristic is significant if the region of seabed is 
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going to be covered during remote sensing or other survey techniques. The large 
disadvantage of this system is that it is extremely expensive. There is the need to 
calibrate daily against a known distance, there are signal problems due to “range 
holes”, there is the possibility of vandalism of stations, it is needed the fixing of 
the position of the transponders before the work starts and also in many countries 
it is essential a specific permission for the trisponders could be able to transmit 
radio signals. There are some systems, like Motorola Mini Ranger, that are 
required at least three trisponders to set up temporally on stations on the shore at 
the right places or on fixed structures in the sea. The DMU calculates a position 
within 1m if the environmental conditions are good or within 3m if it is on a boat. 
This system is considered one of the best because it is possible that the shore 
stations would set up in positions that are the appropriate for the survey, the 
accuracy is sufficient for the investigation and the most significant is that we 
could have directly information and survey results.
31
 
c. Electronic Distance Measurement (EDM): The EDM is based on the near constant 
speed of radiated energy close to the visible end of electromagnetic spectrum, the 
infra- red wavelength. The instrument measures the time that is taken for a pulse 
of energy until reach to a target and return to the instrument and also it uses the 
velocity of the energy through the air and so it can calculate the distance. As 
regarding the equipment, a prism is required that reflects the energy back to the 
instrument. For short- range research less than 500m, they are enough the simple 
red reflectors. They are inexpensive and not susceptible to the salt- water. The 
EDMs usually is used for the control of situation from the coast. There are, also, 
more complicate systems with computer and a plotter with the aim to draw the 
surveys and show the progresses of the work. The drawback is that they have a 
limited maximum range and it is difficult their use if the site is located on the 
ocean. The EDMs often are used in combination with the theodolite or they built 
in a unit, which is called “combined” or “total” station and it has both instruments 
and so the advantage is that it cannot lose the alignment like it is possible to 
happen with theodolite and EDM. It is important to remember that these 
instruments are exclusively for the shore because any movement of the ship 
influences the calculation of the distance. Only simple hand- held “guns” could 
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use on a boat but they are not very accurate. It is unquestionable that the accuracy 
of EDM systems is high because a series of measurements are provided for each 
position every few seconds (0.5- 5 seconds). The distance that they could cover, is 
about 4 kilometers but at sea this reaches at 1 kilometer due to the difficulty to 
keep the alignment between the beam and the reflector for the necessary time. It is 
impressive that in clear environmental conditions (calm sea and clear air), the 
working range could reach until 10 kilometers.
32
 
d. Satellite Navigation Systems: These systems are based on the interrogation of 
signals that are transmitted by the satellites, which we could liken them to the 
datum points and measurements are realized from the transmitted information to 
the system’s receiver and so the position is finding. Moreover, there are two main 
different and global satellite navigation systems but both of them are called Global 
Positioning Systems (GPS), the USA’s Navstar GPS and the USSR’s Glonass, 
which both were initially for military purposes but now they are open to the 
general public. Glonass receivers are difficult to obtain. However, there are and 
other systems, like “Satnav”, which is clearly for commercial activities but they 
have the disadvantage that there is no a constant update of the positions. In 
general, the cost of GPS models is low and there are the Decca and Loran C, 
which are the cheapest. A great point of GPS is that the cheap one is not the least 
accurate. The accuracy is influenced from the number of channels, which are 
collected data from as many as satellites that they could. Receivers with five or six 
channels are enough efficient than the receivers with a signal or two channels. 
Furthermore, the accuracy of stand- alone GPS is very high but there is a small 
divergence in the positions because US Department of Defense considers that the 
potential enemies could use them against the countries. So, there are two type of 
transmitted channels, the military one (P- code) and the civilian one (C/A) and 
“Selective Avalability” (S/A) is entered into the C/A channel when the military 
wants to reduce the accuracy. Despite this, the real accuracy of GPS is depending 
on the type of receiver, the antenna, the availability of satellites and the existence 
or not of S/A and how the figures are presented. For the sea, it is often used the 
two- dimensional accuracy of approximately 15m root mean square (RMS). The 
RMS shows a statistical probability of one standard deviation and the antenna has 
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68% probability to be in a circle of 15m radius and 95% to be in a circle of 30m 
radius (2 RMS). When the constellation of the satellites changes, the accuracy 
decrease dramatically in about 90m radius 2 RMS and due to this, it is impossible 
the fixing of the position of archaeological sites. Additionally, there is also the 
differential GPS, which has accuracy of 2m radius 2RMS with a second GPS 
device on the shore at a known location as close as it is possible at the mobile 
GPS device, to wit approximately 20 kilometers is the most frequent. The basic 
device should be set up accurately either close on a national survey station or at 
any point that is surveyed within and less than 1m. So, the difference between the 
actual location of base unit and the location that is given by the GPS, could be 
entered to the mobile device’s reading and then it gives an accurate position. The 
same satellites are interrogated by both of devices. The accuracy of differential 
GPS is adequate for the fixing of the position of archaeological sites but also the 
data that are transferred between the base and mobile devices have effect on the 
ability of the system, which is used for the accurate tracking and navigation. 
Automatic data are available at any time to correct the computed distances 
between the base unit and the satellites. Both of units collect the information and 
they synchronized and in a post- survey process gives the correct position for the 
mobile unit. Sometimes there is the opportunity to transmit the correction orally 
with the use of marine VHF, CB or cell phone but this is happening mainly for the 
geographical correction. In some units, it is possible to add these corrections from 
the beginning but in any case it is significant to match the satellites in use. 
Although that sometimes it is difficult and especially if the mobile unit is close or 
under the cliff or another obstruction because it is necessary to be aligned the line 
of sight between the antenna and satellites. Finally, the last solution is to buy 
positional information from commercial organizations, which they have installed 
base stations which transmit data by mobile units. Usually, single units have been 
set up in difficult places, such as cliffs and they cover a large area of the globe. 
They are not always accurate for some of the archaeological aims because they 
were installed far away from the area but by the passing of time more and more 
developed base units are set up.
33 
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Figure 10Satellite and hyperbolic systems 
e. Radar: They can find the position of distant objects using instruments that read the 
reflections of very high frequency of radio waves, usually 1000MHz. These waves 
are collected by a rotating antenna than scans 360 degrees. The speed of rotation 
is about 2 seconds in common radars. Then the radio reflections present on a 
screen as images which have different brightness with the passing of a rotating 
highlight and the rotating antenna. Sometimes it is impossible to interpret these 
images in very bright conditions and for this reason it is essential that units of 
computer monitor to be in shades. The accuracy of radars is about 1%, 
approximately 20m for every nautical mile between antenna and the target and 
accuracy of direction within 2 degrees. This is not sufficient for the fixing of 
position of archaeological sites on seabed but it is enough for many navigational 
aims and like the hyperbolic navigation systems could demonstrate a near area in 
which it is possible to install positional systems.
34
 
iv. Techniques of search 
It is important to remember that in the techniques of search you must know all the time where 
you are and where you have been independent of which method you would choose and this 
would be helpful to the develop of recorded information. Additionally, we should realize that 
regardless of how intensive and detailed a search is, always there is the chance that an 
archaeological site or some findings could be not identified or detected.
35
 
Generally, the methods of search could be divided in two categories; a. those in which the 
divers are necessary and are based on human eye or hand- help tools and b. the remote 
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sensing surveys that are relied on electronic equipment which is controlled from a boat or 
from the shore.
36
 
First of all, we will begin from the methods that are based on diver and his equipment. The 
efficiency of these methods is depended on the size of the targets, the visibility and from the 
abilities of the diver; how familiar, experienced, concentrate he is. This kind of methods has 
many types. In this dissertation, five types of them would be referred.
37
 
1. Towed searches: The diver holds on to a weight on a line through to towed vehicles 
with movable vanes, which they can change their attitude or the elevation in relation 
to the seabed. This system is based on the crew that is on surface, who control and 
record the navigation. Nowadays, there are the underwater vehicles as called Diver 
Propulsion Vehicles (DPVs), which are either a simple electric motor that drives a 
propeller and the diver holds them in front of him or straps to the air cylinder or they 
are complex wet submersibles. The disadvantages are the cost and the difficulty to 
find the accurate position. A solution is buoys to be attached to the divers and so they 
will be visible from the surface or alternatively, water navigation systems that are 
based on acoustic trisponders could be put at known positions on the seabed. 
Furthermore, a diver at 1 knot could cover over 30m per minute or 0.5m per second 
but this is too fast and it is possible to escape a significant archaeological object. It is 
important for the effectiveness of the search that the diver has the opportunity to move 
back and forward inspecting the area with a better way. In addition, there should be a 
communication of the diver with the surface because the surface crew could know any 
time the observations that made by the diver. This could be succeeded with rope 
signals or telephone- style (hard wire), in which the diver’s microphone is connected 
with a wire to the surface but it may cause problems in the safety of the diver when it 
is physically attached to the diver and there is not a quick mechanism of release. In 
the safety of the diver it should always be controlled the time and the depth that the 
diver is, even if it is difficult to the towed searches. The solution is in the diving 
computers, which could control more than these two things, such as the oxygen or the 
pressure and in conditions of poor visibility, the surface crew should control them or 
they could use of echo- sounder systems for the avoiding of dangerous obstructions.
38
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2. Swimline (freeline) searches: It is a very common method of search and it is based on 
a series of divers, usually between three and six, organized in a line at equal intervals 
that are less than the limit of clear visibility. In the search, it is used one groundline to 
guide the controller in the middle or two groundlines at the ends of the swimline. The 
groundlines have not fixed size. They are as long as it is needed and always they 
should be straight. This is easy to be succeeded from a moving boat and if the lines 
are straight, it is possible the record of the position. Moreover, it is essential the 
communication between the divers and the surface crew. So, they could use the rope 
signals, like the towed searches but also they could use more complicated signals 
along the connecting line through a set of bells (short tugs) and pulls (long tugs). A 
great problem with the swimline searches is that it is almost impossible the plotting of 
a position of interest. For this reason, there are some markers that could be dropped to 
these points and so the diver could return to this later. In general, this method is very 
successful for the swallow waters but it could be used and in deep waters with a good 
preparation and communication.
39
 
 
Figure 11Swimline search 
3. Jackstay (corridor) searches: It is a more complicated method than the previous ones 
and it needs a pre- search organization. In this method, it is required at least two long 
groundlines that are parallel at often 10m, 30m or 50m and the jackstay is at 90 
degrees between the two groundlines. It is usually more effective the use of two 
jackstays for defying a corridor. When the area between the jackstays is searched, the 
divers could continue to another corridor by leap one line over the other. A drawback 
of the jackstays is that they are temporary and many times they stayed in their 
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position for less than five or ten minutes. So, they should be anchored and the way 
that they would be anchored is depended on the nature of seabed. They usually are 
fixed in the ground with the use either the weight of an object, like a 25kg or 50kg 
metal block or on a pin that is put into bedrock that is stable. Additionally, if there is 
the need of accurate position of groundlines and jackstays, it is essential that one of 
the groundlines should be considered as a zero axis and the zeros of the jackstays 
could be put on its line. However, it is difficult to keep the same space between the 
groundlines and so the end of the fixed jackstay would not be always at the right 
distance with the other groundline. The sacrifice of the time for being all perfect is not 
necessary. It is simpler passing the line of jackstay across the right graduation of the 
groundline. Moreover, the material of groundlines is rope from boat chandlers or 
fishermen’s stores and the jackstays were made of tapes measures or thin plastic 
measuring lines and they could extend with elastic cord of 2m long if it is necessary 
and it helps to keep the line in permanent tension. Another issue in jackstay search is 
the width of corridor. The normal range is between 2m and 8m in relation to the 
number of divers that search, the size of expected object and the visibility. Usually, 
2m corridor is sufficient and each diver could have 1m wide strip of this corridor 
independent of the seabed. In some seabedthat has fine sediment the wide strip could 
be larger, such as 6m depending on the finding.
40
 
 
Figure 12A jackstay search 
4. Grid searches: The grid search could be the most accurate method of search while it 
offers precise location. Initially, it is created a series of groundlines at 90 degrees to 
each other and at the right space for forming a grid. The distance between them varies 
from 2m until 50m.when the grid id ready, then the search is easy and the fixing of 
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position could be associated by the site co- ordinates with a series of numbers on both 
the horizontal and vertical axis with the zeroes at southwestern corner of bottom. It is 
possible that one of the axes could be replaced with letters to help the inexperienced 
personnel.
41
 
5. Circular searches: this kind of search is used when there is poor visibility. Although 
the fact that there is not a total coverage of the seabed, it is necessary to establish the 
location of a known object that has not been recorded accurately and also it could be 
used as a part of sampling strategy for investigating different areas before the 
beginning of the search. In addition, the technique is simple. There is a graduated line, 
a tape measure, which is attached to a standard point on the seabed and the diver goes 
around from this point, 360 degrees and he uses either a compass and he takes the 
bearing from the start and the end or markers on the seabed as a guide. There is, also, 
the possibility to be established a graduated and straight groundline which will start 
from the center of the circle and it will be a start and finish indicator. The length of 
the groundline varies independent on the visibility and the type of the object. It is 
preferable that the line is in the maximum length for the avoiding of mistakes. A 
problem could be the snags and for this the solution is to exist some tension and so the 
diver could remain to his track. Finally, when the position in the center is established, 
observations could be started and recorded noticing the distance from the center and 
the magnetic bearing and so it is achieved the accuracy.
42
 
 
Figure 13A circular search 
Nowadays, the technology has established dramatically in the archaeology and it has 
improved in a great grade the methods of search. Remote sensing surveys could search 
quicker, more effective and they can ensure the safety of the divers.
43
 For the use of the 
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equipment, it is required an experienced personnel with specific training and a lot of 
money because they are too expensive and they need a very good conservation. There are 
different types of remote sensing surveys, some of them are the below: 
1. Echo- sounders: it is one of the simplest and cheapest electronic equipment of 
search. The instrument transmits a pulse of energy and then a signal or echo is 
returned and it is displayed on a screen. The pulse is at the acoustic end of the 
electromagnetic spectrum and echo- sounders often use a frequency of between 
about 50 kHz and 500 kHz which is sufficient for deep water and high resolution 
images. The pulse is transmitted and received by a transducer, which is attached to 
the boat. In relation to the type of transponder, the angle of the cone of the energy 
varies between 2 degrees and 45 degrees and some high sophisticated instruments 
could reach 0.2 degrees. The echo- sounders have the advantage to have a quick 
access to the seabed independent of the depth or the nature of the seabed and also 
it could locate sites that were not known on the seabed. Usually in archaeology the 
echo- sounders have a sort of graphic display and they are either a roll paper that 
can resolve down to 2.5 cms with high resolution equipment, a video screen or a 
liquid crystal display (LCD) that are connected with a computer and so it becomes 
the digitize of the information. Furthermore, some models are waterproof and they 
could be used on small open boats and other models can extend their vertical scale 
and succeed high degree of resolution. Moreover, the LCD displays have a coarser 
image because they are made of pixels, which are small blocks white, grey and 
black and show the seabed in a monochrome picture. The smallest size of pixel 
usually is about 5 cms. The LCD displays, also, have the ability to save and recall 
images for being recorded. Generally, the interpretation of the images of echo- 
sounders is not easy even if the boat is on calm water and so, it requires an 
experienced staff. A solution is to be the boat stationary and observe the series of 
changes and then to compare with the readings during the search. This helps to 
recognize objects that are hidden in hummocks.
44
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2. Magnetometers: These instruments measure the strength of the magnetic fields of 
the earth. Archaeologists could identify different magnetic anomalies and decide 
what these are. There are, also, proton 
magnetometers that measures a strong 
magnetic field in a hydrocarbon fluid, 
such as kerosene while it passes an 
electric current through a surrounding 
coil of wire. The spinning protons line up 
with a temporary magnetic field and when 
the electric current is turned off, the 
protons return to their position of the local magnetic field. The “gyromagnetic” 
ratio, which is a small signal that is directly proportional to the strength of the 
field of the earth, is an accurate relationship between the strength of signal and the 
field and it has the ability to identify different small variations to the magnetic 
field. The international unit of measurement of the magnetic field is nanotesla 
(nT) but in some counties use Gammas (γ) and fortunately one nT is equal with 
one γ. Generally, the distance when there is a detection of magnetic anomalies is 
very significant. For example, a reading of 8nT that is produced by an object at 
20m will give a reading of 512nT at the distance of 5m. There is, also, the fish of 
magnetometer which is approximately 5kg, the side scan is 30kg and the side scan 
and the sub- bottom profiler weigh 80kg. It has not been near to the boat or other 
towfish because perhaps it detects them as magnetic anomalies. A great advantage 
is that it can locate hidden objects that are not possible to find with other means. 
On the other hand, the problem with magnetometers is to relate the signal of an 
object at a known bearing and distance. The only solution is to exist a good 
control and recording of the location. Moreover, there is the method of “close- 
pot” or “micro- magnetometry” with which it is possible that the fish could be 
very close to the seabed with the use of float. The combination of the use of the 
fish and the co- ordinations of the magnetometer readings could offer the 
sufficient information. The “total station” could help to succeed a very accurate 
position and tracks a reflector mounted on the float and good communications 
Figure 14 The changes to the magnetic field show 
that there is a ship wreck 
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between manometer operator and the surveyor.
45
 The fish, also, could be used and 
from the divers in the grid system but it is important to remember that the diver’s 
equipment must not interfere to the magnetometer readings.
46
 
 
Figure 15The triple system of magnetometer: 1. Side- scan sonar, 2. Sub- bottom profiler and 3. Device that gives the 
suitable information for being quantified and interpreted. 
3. Side scan sonar: This method is similar with the echo- sounders and the only 
difference is that there are two separate fan- shaped beams that are directed from a 
side of towfish and then some signals are displayed on a screen. Some side 
scansonar’s are attached to the boat but not in the swallow waters and in general 
the beams are not enough angled in relation to the seabed so that the information 
are not adequate. Furthermore, the sector- scan sonars have beams that are 
moveable and mainly they used for observe the changes in the location of the 
objects. Like the echo- sounders, the frequency is almost the same, 100 kHz in 
general and 500 kHz for long range. In addition, in a thin beam it transmits about 
0.2 or 1 degree in width and in the typical fan angle it reaches at about 40 degrees. 
As regarding the representation, commonly a form of wide paper roll is used and 
it is marked by a stylus which shows the topography of the seabed as a negative 
image with acoustic highlights and shadows. For instance, a large object reflects 
strong return signal, which would be displayed as dark image. The advantage of 
this method is that there is the possibility to observe sideways at the objects that 
are projected. Finally, if the height of the towfish above the seabed is known, it 
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could be measured the heights of the darker reflections if there are become 
comparisons with the white acoustic shadows.
47
 
4. Sub- bottom profilers: Like magnetometer, this method can detect hidden 
archaeological objects and like side scan sonars and echo- sounders, it has the 
same principle with the only difference that it uses a lower frequency, between 1 
kHz and 7 kHz. The transducer is attached with a towed fish close to the seabed 
and sometimes it is accompanied with a side scan fish. The capacitor emits high 
energy and it is linked with a small plate that has contact with the water. It 
produces a clean cone- shaped pulse and the signals are reflected back of the 
seabed and then it interfaces between strata and archaeological materials or 
bedrocks that are buried in the seabed. Additionally, the lower frequency 
(“boomers”) reaches at about 1 kHz and it could find objects until 60m below the 
seabed and the higher frequency, about 3.5 kHz is used for a “pinger” in 
archaeology. All of the information is displayed on a paper roll and when there is 
a side scan, the information of both of them is presented on the same paper roll. 
Finally, the disadvantage of this method is that inspects a very narrow track of the 
seabed. It is useful either to the method of sampling or to identify a specific 
target.
48
 
5. Aerial photography: It has been proved successful in some in some underwater 
investigations when the archaeological findings are too close to the shore but 
generally it is not very helpful for resolving photos through the water.
49
 
v. Techniques of underwater survey 
An effective survey is based on an accurate and detailed recording of observations and 
measurements and the basic target is to exist a three- dimensional record of the site. 
Furthermore, the three- dimensional record is achieved through the record of xyz coordinates. 
These coordinates are Eastings, Northings and the height or the depth.
50
 
In the underwater survey there are some simple steps that should be followed for having an 
effective survey. Initially, the divers should be familiarized with the techniques and the 
equipment. Then, it is preferable to be established at the beginning a framework to all of the 
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archaeological site and later to divide it in small areas which would record with details. It is 
important to remember to check the measurements. It is possible to make mistakes. About 5% 
of the measurements are false and for this it is needed the check. Another issue is to arrange 
all the equipment to be set gradations in the same units and also, it should be used the same 
convections. Moreover, all the plans should be in the same scale and enough large so that the 
smallest object can be represented on the plan (1:10 or 1:20). Finally, the most significant is 
to record everything with details and add some information, such as clinometer angles or 
compass bearings and always it should not forget to organize the information because the 
survey is quicker and more effective.
51
 
Additionally, a great survey is based on good, simple tools. One of them is the measuring 
tapes and especially, plastic tapes made of fiberglass with few metal fittings, which do not 
rust. The problem with the tape is that should be in a standard pull, otherwise it is inaccurate. 
Underwater the pull is usually between 5 kg and 7 kg for not to move from the water. 
Another tool is a rigid measuring rule. It is usually 1 m long, it is useful for short 
measurements and it is rigid and cheap. There are, also, survey chains that are about 20 to 50 
m long and they are too accurate but normally, they rust unless they are from stainless steel 
but they are too expensive. Moreover, materials for the recording are essential, like an A4- 
size drawing board with drawing film and an attached pencil. In continue, in the survey there 
are the acoustic systems (S.H.A.R.P.S. - Sonic High Accuracy Ranging and Positioning 
System) for the three- dimensional tracking and for the fixing of the position with accuracy 
and speed. Nowadays, computers are necessary because they could process automatically all 
the information and store them for not to lose and a great advantage is that reduce the 
possibility of mistakes.
52
 
A technique of preparation for a survey is the site grids, which could be interpreted with 
different ways. Some people consider that site grids are referred to rigid structures on the 
seabed and there are two types: 
a. Surveyed grids: These grids are constructed structures that are surveyed with accuracy 
and usually they are made of rigid tubing like scaffold or gas pipe. These could be, 
also, from positioned rope or light line that are anchored to the seabed. Generally, 
scaffolding is the most useful because it can fasten easily with some clips. 
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b. Diver guidance and support grids: These act as a guide for the divers to locate 
themselves inside the site.
53
 
On the other hand, some people think that the site grids is the theoretical survey grid, which 
could be overlaid on a plan and so it gives the xyz coordinates.
54
 
I think that the most important for the survey is the datum points, which are the references 
from where the measurements are taken. However, to be correct they must cover some 
standards: 
i. It must be stable. 
ii. It must be accurate. 
iii. It must be in a position that it is easily accessible for measurements. 
iv. The position of each datum point should be relative to the other datum point, it must 
be known on the site and also it should have different name or code. 
The only problem with datum points is when it is on mobile sediments. Some solutions are 
either the vertical scaffold poles or a hook or a ring on which a tape would be able to attach 
on them.
55
 
After the realization of the previous ones, it is followed the methods of survey, which are 
below: 
a. Triangulation/ Trilateration: This method measures either the 
angles or the sides of a triangle. It begins with the measurement 
of the distance from two datum points but a third datum point 
is preferable to measure for greater accuracy. The distance 
lines should be between 60 and 120 degrees. It should be 
avoided the acute or obtuse angles. If there is an error, it will 
be appeared to the drawing (the bigger the error the larger the 
triangle or “cocked hat”). The only tools that are necessary for 
this method are a compass and a scaled ruler. Initially, the 
datum points are illustrated on the drawing and then the 
compass correspond to the distance between the datum 
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Figure 16 The method of triangulation: a) 
establish a baseline, b) establish a second 
datum point, c) use the second datum 
point as a third check measurement, d) the 
point on the object is surveyed into three 
datum points and e-f) draw up the survey 
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points, one by one. The triangulation is an accurate method, which is not used only in 
the survey but also in the measurements of datum points or the fixing of positions. 
The problem is that the measurements should be taken only horizontally. One solution 
is the use of plumb bob to put a horizontal tape over the object and a float, also, is 
useful but without the spirit level.
56
 
b. Offset measurements: When the baseline is set up, then the offset measurements could 
be started, to wit measurements of distance are taken from then right angle of a datum 
point. The method is too simple. There is a tape between two datum points, which 
form the zero end of the baseline. In addition, the accuracy is based on the right 
angles if they are on an easy accessible environment, like sand or on a difficult land. 
A solution is to put the zero 
end of the datum point to be 
stable and the other zero end to 
move along the datum line until 
it reaches to the shortest 
distance. Furthermore, the draw 
of the results could easily 
illustrate. At the beginning, it is 
noted on a paper a straight 
datum line with one zero end. Then, the measurements are marked on the datum line 
and the distance out from the baseline and like this it is possible to locate the surveyed 
points. The only tools that are needed are a plain paper, a scaled ruler and a set of 
squares and it could be conducted underwater. It has the advantage to be possible to 
add details and see immediately the errors. With this method, there is the possibility to 
lay out the grid squares, find the positions of features that have been recorded and 
mainly it is useful for swallow waters. However, it is not so accurate in big distances, 
only for a few meters or for measuring datum points to each other but it could give a 
quick impression of the archaeological site.
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Figure 17 1. Offsetting, 2. Establishment of the right angle and 
3. The plotting of the results 
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c. The 3: 4: 5 triangle: This method helps to create grid squares from the initial baseline 
for the search or for the division of the site. The 3: 4: 5 triangle is based on 
Pythagoras’s theorem that declares that in a right angle triangle, the square of the 
hypotenuse is equal to the sum of the squares of the 
other two sides. So, a triangle with sides in the ratio 
3:4:5 contains a right angle opposite the hypotenuse, the 
longest side. The method could be applied to all four 
corners of the grid with the multiple of the ratio 3: 4: 5, 
such as 6:8:10. Moreover, for a right angle it is needed 
to delineate a line of 4 meters long. Then, put the tape 
to the zero end and run the tape for 5 meters. In 
continue, attach the tape at the end of 4 meters and run 
the tape until the 3 meters. Consequently, pull these two 
tapes tightly until they are the two marks meet. Finally, a line is drawn from this mark 
until the 4 meters on the baseline. Isosceles and equilateral triangles could also be 
useful if a point along the base is connected with the apex.
58
 
 
Figure 19The procedure of the 3:4:5 triangle method: A. Establish a baseline between the points a and b, B. Put the 
tapes to attach to these points and C. Pull the tapes taut to fix a point c 
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Figure 18 The 3:4:5 triangle and 
the increase of the ratios 
 35 
d. Planning frame: It requires a frame and usually one meter square and for the 
subdivided areas it is used string or 
twine in the smaller squares of 10 or 20 
cm. The size of the frames varies in 
relation to the site and the artifact. 
Additionally, the diver stands over the 
frame and he uses the squares to 
transfer details on a gridded surface, 
which is usually a plastic drafting film 
that is in smaller scale, such as 1: 10 or 
the most frequent 1: 20. The only 
requirement is that the frame must be 
horizontal and this is possible with the use of adjustable legs and spirit levels. When 
the two sets of strings are in line, the diver knows that he is in the correct position. 
Plumb- bobs, hand tapes and strings in different colors for the marking of 10, 20, 50 
cm divisions, are extremely useful. In the planning of the frame, it is essential to 
remember the total coverage of the area, the location and this is possible with the 
move of the frame along the baseline or by measuring the corners of the frames in to 
the datum points. In continue, the orientation should be always on the magnetic north 
and each square should have uniquereference number and location information and 
finally, it should be remembered the standardization and the datum points, which 
should be in each square and there should be a relationship with the master plan of 
datum locations. Furthermore, for an extensive and detailed survey there should be a 
large numbers of squares and they must be co- ordinated.  As regarding the drawing, 
it should not be from the beginning with the ink and be connected with the survey 
drawing but they should be recorded and saves in the archive and in the end to check 
them with the finished plan. It is, also, important to be made a comparison between 
the dimensions of the structure or the site and the dimension of the resulting plan and 
with this way errors are avoided. Generally, with this method it is possible the 
recording with accuracy, details and it is a quite quick method. A great advantage is 
that it is easy as regard as the orientation and also that the details could be noticed 
immediately on the sheets of transparent rigid acrylic or P. V. C. that lays over a 
double- strung frame with the use of wax crayon or chinograph pencil. At the end of 
Figure 20 A leveled planning frame with the use of plumb- 
bob 
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this process, the completed squares go to the surface and they are drawn of taken 
photographs or they scaled off on a draughting film of the same scale.
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e. Plane table: This method is a very simple and mistakes can be noticed immediately 
but it requires a very good visibility. Furthermore, it needs two units; 1. A leveled 
board on a tripod and 2. A sighting device with a straight edge. Generally, it should 
not forget to actualize four simple requirements; 1. The plane table must be leveled, 2. 
The plane table must be over a known point with the use of a plumb- bob, which hang 
below the tripod. This point usually is called “point A” and it is one end of the 
baseline. 3. “Point B” must be selected on the seabed and it is the other end of the 
baseline. Then, the distance between “point A” and “point B” is measured and with a 
scale ruler the “point B” is marked on the plan. So, the plane table is orientated and 
the baseline of the plan is along the baseline on the seabed. 4. The magnetic north 
must be marked, also, on the plan. When these four requirements are established, the 
process can be begun. Initially, the diver on the plane table sees through the sighting 
device, which is rotated around the point A to the point, which another diver 
showswith the use of a ranging pole. Then, a line is drawn on the plan along the 
straight edge of the sighting device. The divers, also, record the order in which 
features are surveyed. Afterwards, the distance between the features and the point A is 
measured by a tape and with the scale ruler they are marked on the plan. However, 
there is an alternative method to record the features. Firstly, all the lines of sight from 
point A are recorded and then put the table on the point B on the plan, which should 
be exactly above the point B on the seabed and the baseline of the plan and the seabed 
must be along and also all the lines of the sight are taken. So, there will be a number 
of intersecting lines, which would show the locations of the features.
60
 
f. Photogrammetry: The measurements with this method are taken by the photographs. 
It is not a very usual method in underwater archaeology because it requires an 
extremely good visibility (for a low- visibility environment, see T. Van Damme, 
2015). For this method, a standard camera and information of the relative location of 
some points that are visible. As regarding the equipment, photogrammetric cameras 
and lenses that take stereoscopic pairs of photographs could be used and they have a 
great degree of accuracy but these are too expensive and it is required a specialized 
experience of the staff. Nowadays, they are useful for three- dimensional images. 
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Additionally, the technique is not difficult. First of all, photograph a reference feature 
of a known size, like a square of a planning frame of 1m with 200mm divisions and it 
should be parallel to a flat surface. Then, with the use of the divisions on the feature, 
their alignment should be extended across all parts of the exposure drawing lines on 
the photograph or on a transparent overlay. A perspective grid above the visible area 
is created. Moreover, the 200mm divisions are useful to plot the scatter to a degree of 
accuracy because the seabed is flat and the drawing frame is close to that. It is, also, 
possible the technique to apply in three- dimensional objects, like a skeletal cube, in a 
number of photographs and it is used this to notice the location of the features in any 
plane.
61
 
g. Bearing circle: It is not a common method in underwater archaeology. A board is put 
on the seabed on which a 360- degree protractor is established. The 0/360 degree is 
aligned with the magnetic north. Then, a tape is linked with an arm that pivots on the 
center of the board and the location of the object is recorded by the reading of the 
bearings and the distance from the position of the equipment. Any small mistakes in 
the reading of the bearings could lead on errors to the plot and consequently, to the 
increase of the distance. For instance, a mistake of 1 degree over the 10 meters could 
lead to an error in the position of 17. 5 cm. Finally, the bearing circle has been used, 
also, in three- dimensional surveys and usually it is called “hydrolite”.62 
Nowadays, it is uncommon the archaeological sites to be two- dimensional, to wit flat. 
So, in underwater archaeology the third dimension, to wit the height or the depth or 
otherwise the z co- ordinate is very important. Generally, the establishment of the third 
dimension and its measurement from a known point to an unknown point is a matter of 
issue and for this reason there are the relative heights. However, it is, also, difficult to fix 
a relative height under the water and for this reason the best solution is to transfer the 
height between a known bench mark and a temporary bench mark (TBM). In this way, 
the measurement of the height would be accurate and for the avoiding of mistakes, it is 
preferable to multiple the bench marks. In addition, the bench marks could be extremely 
useful in the swallow waters using a theodolite or a simpler dumpy level. For example, 
looking the figure … the height of theodolite is at 7.75 m which is the height of datum 
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point (6.5 m) plus the measurement from the instrument’s telescope (1. 25 m). Then, the 
staff holding the theodolite in a stable position selects a point of unknown height and the 
reading that the staff sees through the theodolite (2.00 m), is subtracted from the known 
height (7. 75 m) and the result is the height of the unknown point (5. 25 m). If the depth is 
greater than 3m, it is difficult to operate this method because mainly the almost 
impossible communication between the operator of the theodolite and the staff- holder.
63
 
 
Figure 21The measurement of the relative height of an unknown point with theodolite (suitable for swallow waters). 
When a site has depth greater than 3 meters, it is possible to establish a relative height using 
the water surface. The problem with this method is that it is difficult to have a stable point for 
measurement due to the wave actions and tidal fluctuations. Moreover, it should be taken into 
account that a permanent feature is appointed the temporary bench mark (TBM) of the site. 
Afterwards, measure four or five other points and subtract the depth of the TBM from the 
depth of the other points and the difference is the relative height of the other points below the 
TBM. Finally, take one measurement of the TBM to a land bench mark for relating the whole 
site with a known height.
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Figure 22The measurement of the relative height under the water surface (suitable for deep waters). 
Additionally, for the measurement of the relative height under the surface of water there are 
at least three other methods. 
a. Depth gauge: Most of the divers have a depth gauge on their equipment to control 
their dive but for the measurement of a relative height, they are not so precise and the 
level of the accuracy varies on the manufacture of the gauge. So, electronic gauges 
and computers are more accurate but not enough for the survey because these do not 
offer a better reading than ±100 mm. They could only use in a general topographic 
survey. Moreover, Botma and Maarleveld in 1987 analyze a hand- held meter which 
is accurate to ± 5 mm and over the range of ± 5 m around the reference level. This 
meter can filter wave and swell fluctuations, counterbalance for the different water 
densities and at the same time it remains precise in currents of up to 1 knot. Although 
this meter has a great level of accuracy, it is extremely expensive and it has never 
been in mass- production. Furthermore, the depth of the fastened divers that use 
supplied air, is controlled by the diving supervisor from the surface and nowadays 
this is happening electronically. There is, also, the traditional method which is an 
open- ended tube that is attached to the diver and it is linked to a sensitive pressure 
gauge on the surface. These are the pneumo- gauges which have the ability to 
measure approximately 150 mm when they are fitted with a large and calibrated dial. 
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This method could be applied in rough survey sites on condition that the open- ended 
tube could be put on specific points.
65
 
b. Buoyed tape: This is a very accurate and simple method when there are the right 
conditions, to wit in very calm waters. The only thing that a diver should do is to 
measure down with a tape from the buoy on the surface. For any fluctuations which 
could influence the results, it should be preferable to use buoys with a tall thin shape 
that tend to be less susceptible to the movements of the waves. Finally, the tape must 
be under tension and vertical.
66
 
c. Echo- sounders: Although they have a wide beam to allow the measurements of 
accurate sites on the seabed, they offer a good image of the depth range of an area for 
the progress of the fieldwork strategies.
67
 
It is, also, a great need to measure the relative height within the site and record the three- 
dimensions of the objects. For the achievement of this, there are mainly two methods: 
a. Bubble tube: It is called, also, “aqua level” because it uses the principle that an 
air or a water surface always tries to be level. Furthermore, the air is entered into 
flexible transparent tube, which has about 15 mm diameter and if the bore is 
large enough, there will not be problem with the bubble sticking through friction 
but in the same time there will be a problem with 
the buoyancy of the tube. The floated air bends 
the tube and the ends of the bubble will be at the 
same level. In continue, make height 
comparisons between TBM and the other points 
within a radius equivalent to just under the length 
of the tube, which could be in any length but 
usually tubes with more than 20 m long, it is 
difficult to control them. Additionally, the 
method is simple. One end of the tube should be 
fastened close to TBM and then measure the difference in heights between the 
bench mark and the bubble in the tube. This measurement is the height of the 
base of the bubble at both ends of the tube. Then, the free end of the tube could 
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Figure 23 Bubble tube: A. Plastic 
container that forms a reservoir of air, 
B. 15 mm transparent, flexible, plastic 
tube and C. measurement of rod fixed 
to the open end of the tube 
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be put close to any point and measure vertically between the point and the bubble 
and this could be subtracted from the height of the bubble to give the height of 
the point if it is lower or added if it is higher. There must be attention to not let 
the air to bleed out of the system when the free end is held. This could be 
avoided if a large volume reservoir is connected at the fixed end and the free end 
should be held too low. Finally, the surveyor is usually at the end of the tube and 
if there is a loss of air, he will notice it but it is preferable to bring the free end 
back to the TBM at intervals to control for any loss of air.
68
 
 
Figure 24The bubble tube when enters the air in the tube. When the bubbles from one end stop and start to come out 
from the other end, it means that the ends of the tube are level. 
b. Vertical offsets for section (a cut through sediments), profiles (outlines of 
shapes) and elevation (faces of structures): The relative height is usually fixed by 
making the baseline level and measuring its height at both ends. The baseline is a 
tout string or a wire in tension and then the 
tape is put close and parallel to it and 
sometimes the tape cannot be taut enough, the 
measurements could be taken from the 
baseline. When a measurement should be 
taken vertically, plum- bobs are very useful.
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Figure 25 Record in three dimensions of 
the profile of a wreck using vertical offsets 
from a horizontal datum point 
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The most common method in the survey for the record of the third- dimension is the 
Direct Survey Method or otherwise DSM. It 
is, also, known that is the alternative 
method of the triangulation (two- 
dimensional method). The DSM requires to 
coordinate a minimum two tapes and a 
plumb- bob to fix one point and so the diver 
can measure from any datum point in a line 
of sight to the point that will be surveyed. 
This kind of measurement is known as 
“slant range” and it is too simple, fast and very accurate. Nowadays, there are, also, the 
computer programs for DSM. The surveyor should enter to the program three 
dimensions and logically they will meet at the apex and they form a pyramid. In 
addition, the three measurements can meet also in two points, one above the datum point 
and one below. It is essential to not forget that a four measurement will good to take it 
for avoid any errors.
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As regarding the program of DSM, it is developed to solve the “phantom pyramid” and 
requires four simple parameters: 
1. x, y and z co- ordinates of the datum points 
2. measurements of the distance from each datum point to the surveyed points 
3. an estimate of the co- ordinates of the surveyed points. This will help to decrease 
the process time 
4. a cross- reference to the project record system, such as dive logs 
Then, the program starts to rum through a number of cycles or iterations and at each 
iteration it becomes a “guess” co- ordinate of the surveyed point. When there is either a 
maximum number of iterations has been surpassed or the adjustments at each cycle 
become too small, the program stops. Finally, the program shows the following results: 
1. the x, y and z co- ordinates that fit best at the measurements 
2. the original measurements, cross- references etc.71 
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Figure 26 Direct Survey Measurement 
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To conclude, the DSM program offers many advantages. First of all, it is very simple 
underwater, fast, flexible while it could process triangulation measurements, relative depths 
and generally it can be used in difficult areas. It can, also, find any mistakes and it has the 
possibility to communicate with other programs.
72
 
i. Destructive Investigative Techniques  
After the process of survey and recording, a great role plays the techniques of destructive 
investigation, which will lead to the clues for the past. The archaeologists should be very 
careful with the use of these methods because they can cause permanent destruction to the 
evidences and lose valuable information. The destructive investigative techniques have three 
steps; 1. Probing, 2. Sampling and 3. Excavation. 
1. Probing: With this, it is possible to locate sediments or structures beneath the layers of 
surface. It leads to an assessment of spread, state of preservation and depth of burial. 
The difficulty with the probing is that the results are not easy t measure and interpret. 
In addition, one type of probe is a metal rod thin pushed into sediments and a thick 
one which withstands bending. Another probe, more efficient, is when it is made from 
tubing (usually 25 mm bore steel pipe) down that water is pumped. There is the need 
of low water pressure for just to penetrate. If there is high water pressure, it can cut 
even the archaeological material. Unfortunately, there is a disadvantage which is that 
the water from the surface is full of oxygen and this could be destructive for the 
anaerobic environment in which there is the archaeological material.
73
 
2. Sampling: It is a representative amount of material that is collected from the 
archaeological site and it should be selected based on three main requirements: 
i. The sample should contain traces that give valuable information for the past. 
ii. There must be an aim in which the sample is collected. Some specific 
questions must be answered. 
iii. There must be the suitable prospect that the sample will be studied 
adequately from the right and specialized staff.
74
 
In continue, depending on the samples scholars divide them to some various types: 
1. Types of “non- artefactual” or environmental remains: 
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a. Economic: The aim of this sample is to see the economy of the site or the period 
and with a systematic survey it could help to reconstruct the agricultural economy 
or just to show differences, such as in society, religion, etc. in a site or between 
more sites than one. 
b. Environmental: This sample is taken from the deposits and its target is to present 
the climatic, environmental or ecological conditions of the site and also, of the 
entire region. 
c. Behavioral: The biological remains of one site could show different aspects of the 
human behavior.
75
 
2. Samples for stratigraphic analysis: These samples help to have an overlook on the 
sediments and understand the changes that have became time over time.  
3. Samples for dating: These samples are divided and based on the same rules of the 
radiocarbon and dendrochronological dating, which are included also to the 
techniques of absolute dating. 
a. Radiocarbon sampling: In radiocarbon sampling must be followed some rules 
strictly: 
i. Before collect a radiocarbon sample, be sure about that is needed. Do not 
collect it because just there is. Try to form a view if the sample gives the 
date for human activity or for natural phenomena that is essential for 
dating.  
ii. Study, firstly, the nature of the deposit or layer and the stratigraphic 
conditions. 
iii. Collect a great sample or more samples than they requires for one dating. 
iv. Pack the samples in plastic of aluminum foil or in glass bottles and write 
the name of the site, the code of the sample and the name of the collector 
and send them to the laboratory with all the documents. If the samples do 
not sent immediately to the laboratory, keep them in a cool, dark and dry 
place.
76
 
b. Sampling for dendrochronology (tree- ring dating): These kinds of samples 
require a very good communication with laboratory because they are too fragile. 
The taking samples from timber are complex and needs a lot of care. 
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i. The sample must be from a well- preserved and long- grown timbers and 
the ideal would be if the sapwood is survived. Select the widest part of 
the timber and without branches and knots and saw it a 50- 100 mm 
thick slice.  
ii. A cross- section cut is the most common and sufficient but also a V- 
shaped cut from the back is adequate. 
iii. Coring is another possible solution but it needs attention because it can 
cause compression and distortion of the ring sequence. 
iv. The samples should be taken where there is the longest ring sequence 
and if it is possible when the latest ting of the timber is survived. 
v. Woods which are split or damaged are needed extra support before the 
sawing. 
vi. Finally, package the samples in a way that the physical damage or 
dehydration would be avoided and record the name of the site, the code 
of the sample, references of the original timber and the name of the 
collector and then sent them to the laboratory.
77
 
 
Figure 27Timber sampling: A. the branching is distorting the ring pattern, B. There is undistorted ring pattern and good 
sapwood survival and C. No sapwood is present  
Furthermore, the methods of sampling vary depending on the kind of the sample that 
archaeologist wants to collect. There are mainly two methods: 
1. Spot sampling: It is for small concentrations of biological materials, such as 
small bones, fruitstones, insect remains and wood is excluded. The process of 
this method has some simple steps: 
i. Have a clean container with a close fitting lid ready for reduce the risk 
of contamination.  
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ii. Record all the details of the location, like 
orientation, relationship with other contexts, etc. 
iii. If there is not a possibility for a “total sample”, 
cut gently a proportion from the whole deposit 
with a clean spatula or trowel. They must be 
well cleaned to avoid any chance for cross- 
contamination. 
iv. Place the sample in the container and close it 
tightly so that neither the air could get in. 
v. If more than one sample in one dive are taken, it will be preferable to 
use pre- labeled containers or bags. 
vi. If there are doubts for contamination, note them down. 
vii. Record the quantity of the sample of the material or deposit in 
comparison with the total deposit (e. g. 5 kg of an estimated 100 kg). 
viii. Record all the information about the sample to the Sample Record 
Form (or to another similar documentation).   
ix. Sent the samples in the laboratory with all the documents.78 
2. Coring and column (monolith) sampling: This method of sampling occupies 
with the collection of chronologically stratified sequences in a manner that do 
not disturb the natural deposits. This could be succeeded either with coring 
through sediments down from the 
surface or with the cutting of a 
monolith of sediment, usually 
from a section face. In addition, 
the process starts by entering a 
channel or a tube into the 
sediment and then it ends by 
extracting it and an undisturbed sequence is getting out. The sequence is put in 
a container and there is attention for avoiding any contamination. The 
samples, also, must be labeled with code of sample, orientation and location. 
For any sub- sampling of cores or monoliths for more research, for example 
for pollen, should be done only from specialized personnel. Finally, the X- 
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radiography of the undisturbed column is useful for the identification of layers 
or structures that are not visible with the human eye.
79
 
The last part of the destructive investigative techniques is the excavation, which is the 
most demanding process because it is, basically, a disciplined dismantling procedure 
of the archaeological contexts which form a site and its aim is to describe and explain 
the origin of each layer and its relationship with the rest of the site.
80
 
In the excavation, it is important to define and marking areas for increase the 
efficiency of the work and generally, there is a better supervision of the area. 
Furthermore, the excavator has the responsibility to remove the layers in the reverse 
order of deposition. The deeper deposits should not be excavated until there is 
sufficient examination and recording. When the object is free from its matrix, it 
should not remove immediately because there are severe risks, like breaking the 
object, damaging other items that is close to the object, failing of recording the 
relationship with other objects and failing to identify the archaeological context in 
which the object is.
81
 
The most important role in the process of the excavation plays the tools that are 
divided in two types: 
1. Tools for loosening sediment: Those are used for the digging and they 
loosen sediment from a layer or around the object. 
i. The diver’s hand is a useful “tool” for fanning away or scooping 
silt. 
ii. The “mason’s pointing” trowel is one of the most essential tools. 
From the small 7- 10 cm blade of the tool, and the body and the 
point are frequently used but the blades have the tendency to break 
easily after a long period of use. 
iii. Paint bushes in different sizes are useful to clean the surfaces of the 
objects. 
iv. Any other hand tools could, also, be used such as dental probes, 
teaspoons, spatulas, knives, ladles and hammers. The metallic tools 
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in underwater archaeology are better to avoid because they could 
damage the organic material. 
82
 
2. Tools for removing sediment: On the removal of the sediment, the 
excavator should be extremely careful for no lose of archaeological 
evidences. So, it is important to select the right size of tools. The two most 
common tools in underwater archaeology is: 
i. Airlift: It is a simple device that is composed from a rigid tube into 
which the air is injected at its low end, usually from a compressor 
on the surface. Then, the air rises towards the surface and it lifts 
the tube to near vertical and so it creates a suction effect at the 
bottom. The water and any light material are pulled in. In addition, 
depending on the difference in depth- 
related pressure between the top and the 
bottom of the tube, the power of suction 
is different. Furthermore, as regarding 
the compressor, its size is depended on 
the depth of the site and the diameter of 
the suction tube. It is preferable that 
compressor do not be in high pressure 
because evidences could be lost. 
Usually, a compressor gives air in 7- 10 
bar (100- 150 p.s.i). Analytically, for the operation one of 110 mm 
diameter airlift at the depth of 10 m, the compressor lifts about 
2.250 liters per minute. However, the road compressors, which 
they use power pneumatic drills, are more efficient but they are, 
also, very expensive. Finally, it is important to not forget to secure 
the air hose to somewhere to the seabed so that there is not extra 
pull on the airlift when the hose fills with air and become 
buoyant.
83
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ii. Water dredge: It functions in a similar way with the airlift with the 
only differences that it operates more or less horizontally and 
water is pumped in at the mouth. Water 
dredge is consisted from a flexible tube 
which is attached to the suction end and as 
the airlift; the effectiveness of the device is 
depended on the control of the valve. 
Moreover, the dredges are very efficient in 
the swallow and deep waters and there is no 
need to secure them to the seabed. The 
disadvantage of the water dredge is that the 
discharge water leaves with speed and so disturbances are caused 
on the seabed. The diver, also, should be well prepared to hold the 
pump when it is open because archaeological materials could be 
damaged.
84
 
Finally, the excavator should choose the method that it is better for the excavation of the site. 
Both airlift and water dredge are very efficient. The airlift is possible to be handled easily and 
water dredge is suitable for swallow waters and flat sites. Just to remember, the 
archaeological materials should not be damaged.  
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2nd Chapter: The Ancient Colonies 
 
1. Western Black Sea 
 
The Prehistoric Period 
The western Black Sea already from the Prehistoric years has offered an ideal environment 
for the installation and the development of settlements in the land between of Black Sea and 
Danube. It is unavoidable to not consider that these settlements have developed thanks to 
near freshwater resources
85
.  
The earliest archaeological evidence of habitation in the area was some tools made of flint, 
which are dated in the Early Paleolithic and they were discovered in two caves, “Adam” and 
“Bats Cave” in central Dobrogea. Evidences from the Late Paleolithic are fewer because of 
the general depopulation phenomena
86
. 
However, in the Mesolithic era there is an increase of the settlements in Romania due to the 
change of the climate. Many trapezoidal and rectangular tools by flint (Hamangia culture) 
had been discovered
87
.   
On the other hand, on the coast of Bulgaria the only archaeological site is PobitiKamani, 
which is west of the Varna lake. In the area it is noticed the absence of Mesolithic settlements 
but this is explained by scientists due to the floods in palaeo- valleys: Paleoprovadiyska, 
Paleovoydnitya, Paleosredetska and Paleorezovska and for this reason many settlements are 
covered by the sea. Also, the absence of Neolithic settlements in Dobrogea could be due to 
marine transgressions but without a systematic underwater research it is uncertain
88
. 
Additionally, most of Neolithic settlements, which were in Hamangia (5200-4600/4500 BC) 
and in Gumelnita type (4600/4500- 4000 BC), were built next to the rivers for taking 
advantage the fresh water. After the marine transgressions that took place in the end of 
Atlantic period these settlements are decreased extremely
89
.  
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In the Bronze Age there is a revival of habitation in the area and we started to find the first 
findings under the sea. In Shabla Cape there are findings of an ancient settlement, Caron 
Limen. This settlement is under water in the depth of 4 meters and on the length of 400 
meters. 3500 ago the level of the sea was 3-5 meters lower than today. To the north five stone 
anchors are discovered between 1.5 m up to 3.5 m and they are dated in the Bronze Age, 
1500- 1200/1100 BC
90
. 
At Yaliata where there is a drifting body of karstic Sarmatian limestone (2km long and 250 m 
wide), which was created by a palaeo- seismic event. In the area, there is a small bay and in 
the east of it three stone anchors were discovered. The two of them have only one hole and 
one of them has three holes. All of the anchors are dated in the late Bronze Age
91
. 
Moreover, there is Kaliakra Cape, which is situated 12 km to the east of the city of Kavarna. 
It is the largest promontory while it is expanded until 2 km into the sea. The cliff, which is 
70m high, is constructed by karstic Sarmatian limestone. The ships that would stop in ancient 
Tirizis, would find natural protection in the bay from the northern and eastern winds. It is 
considered that this bay was used for first time in the late Bronze Age.
92
 
Finally, in the beginning of the Iron Age the area was settled by Thracians. The increase in 
trade and craft led to start nomadic tribes to fortify the settlements. One of them is Zaldapia 
fortress, which was constructed by Thracian Obulensi tribe in the 8
th
 c BC. The fortress was 
1200 m long and 500 m wide and it was surrounded by a deep valley
93
. After this century, in 
the 7
th
 c BC, the Greek colonization has started.  
The Greek- Roman Period 
 
i. Apollonia Pontica (end of the 7 thBC- 1s t c BC) 
Apollonia Pontica was founded in the end of 7
th
 c BC by Ionians in the Bulgarian coast, 
where in the present day it is situated Sozopol. The city was built at the rocky Skamniy 
peninsula and on the St. Kirikisland. This situation of the city offered to its settlers not only 
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natural harbors but also a great amount of natural resources from the sea and 
Strandjamountain
94
.  
It is considered that before the coming of Ionians the city was settled already, probably from 
Thracians, in the end of Chalcolithic or the beginning of the Bronze Age but unfortunately 
few archaeological evidences are discovered from the Early Iron Age
95
. 
Apollonia Pontica has been referred by many ancient authors like Pseudo- Scymnus or 
Aelianus but Strabo has given the most details. He mentions that a great part of Apollonia 
Pontica was situated on an island.
96
 So, many scholars believe that the initial situation of the 
settlement was on St. Kirikisland. Another opinion is that the settlement was on the present- 
day peninsula but it is supposed that it was an island in the 5
th
 c BC.
97
 
The archaeological remains of the colony are known already from the end of 19
th
 c but the 
first systematic excavation was conducted by I. Galadov in 1950s. Later, in 1962-1964 under 
the leadership of M. Lazarov, a large- scale excavation has been conducted. In 1978 more 
excavations have been organized on the site
98
. As regarding the underwater findings, they 
were known to the scholars already from the beginning of the land excavations. 
In the bay to the South of Sozopol, between Christos promontory and “Chayka” pound net, 
underwater research has been conducted that it emerged pottery from the Bronze Age, stone 
anchors, lead stocks, amphorae from the 5
th
-4
th
 c BC, fragments of black- glazed table ware 
and findings from the Late Antiquity and the Middle Ages. Dimirov who organized this 
research believes that they came from an unfortified village of fishermen.
99
 
On the Kite peninsula, to the South of Maslen Nos, there is a harbor with the name, Urdoviza. 
In this site, anchors have been discovered in the Atliman gulf. This is an indication that there 
was a harbor activity.
100
 In the last underwater survey, findings of architectural terracotta, 
table ware and amphorae from Antiquity and the Middle Ages are discovered. All these 
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evidences lead to the conclusion that there was a harbor activity but generally the findings 
from the peninsula are not numerous and nothing has been published yet.
101
 
In 1984- 1989 at the mouth of Ropotamo River underwater excavations has been conducted  
and fragments from East- Greek amphorae, a stamped Thasian amphora, a tile with stamp 
APOLL, a rhyton with ram’ s protome, black- glazed kylikesetc were emerged. It is 
considered that it may be a trading post of Apollonia Pontica.
102
 Furthermore, in the same 
area an eye cup from the first quarter of the 6
th
 c BC has been discovered in the underwater 
research.
103
 D. Nedev and K. Panayotova believe that it could be a base for defining the 
southern part of economic and political influence of Apollonia. Generally, Ropotamo is 
considered as suitable for harbor because it is a natural border and it is well protected by St. 
Dimitar promontory.
104
 
Additionally, stone anchors and stone and lead stocks have been discovered in 
“Rayskiyazaliv” (“The Paradise Gulf”) to the South of Sozopol. It is supposed that it was a 
harbor based on the evidences.
105
 
Finally, Apollonia Pontica was an important harbor in the western Black Sea and a significant 
trading post, while it was the mediator between the local tribes, mainly the Thracians and the 
Greeks. For this reason, the city later was called Apollonia Magna. 
ii. Mesambria 
Mesambria was a Dorian colony between the lower part of the river Hadziyska, the southern 
flanks of the Emine Balkans to Dyulino pass and the bay of Burgas from the cape Emine to 
the cape Ravda.
106
 The ancient city has destroyed to a great extend because of the human 
activity but thanks to archaeological excavations and underwater surveys under the leadership 
of Iv. Gulubov, Iv. Venedikov, V. Velkov, L. Ognenova- Marinova, J. Chimbuleva, D. 
Kozouharov, Hr. Preshlenov many remains saved.
107
 
Mesambria was built in an area that the sea waves hit constantly the coast and eat the lower 
part of the repose with the result of the slopes becoming weaker and finally they slip into the 
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sea. For this reason, in the late Classical and Hellenistic period the city built terraces in the 
northern and southern bays to prevent the slipping of the coast
108
 and also to be protected 
from the rising of the sea that begun in the late 5
th
 c BC and the early 6
th
 c BC.
109
 So, today 
we find a part of fortification, which was constructed during the second half of the 5
th
 c BC in 
the northern coast of the city, in the sea up to 40 meters away from the present coast.
110
 
Furthermore, due to the earthquakes of 1688 and 1778 the walls that are dated in the Late 
Antiquity were fallen into the sea in the south- eastern part of the city.
111
 These parts was 
built with opus mixtumand they have total length 60 meters and approximately 70 meters 
from the present coast. Additionally, an orthogonal tower was found in the same area.  The 
tower probably has fallen from the earthquakes in 1037 and 1063.
112
 
Finally, some religious buildings with the lower terraces, supporting walls and the 
fortification are collapsed and slipped in the water due to the destructive processes during the 
last two thousand years.
113
 
iii. Odessos (6th c BC- early 1st c AD)  
Odessos was a colony of Miletus and it was situated in a small part of the Varna bay. 
ClaudusPtolemaeus, the ancient geographer, gave the exact coordinates of the city, 54
o
 50’- 
45
o
.
114
 The city was protected from the southern winds but it was open to the north- eastern 
and western ones. Underwater research showed that the cape of Varna was continued in 
ancient times but due to the rising of the sea a large part of it is now under the water. 
Moreover, the ancient bay of Odessos is filled with soil during the construction of the modern 
port of Varna in 1895- 1906 and probably many archaeological evidences have been lost but 
also until the 20
th
 c the low seaside was covered by sand dunes and moors there where one of 
the oldest local sacred place was existed according to the Skorpil Bros.
115
 
During the excavations between 1972 and 1990 a necropolis has been discovered. Scholars 
believe that this necropolis belongs to a Chalcolithic settlement that was situated on the shore 
of the lake of Varna and unfortunately it has been destroyed in the early of the 20
th
 c by 
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building works. In the end of the excavations seven Chalcolithic settlements around the 
shores of the lake have been found and some of them were totally or partially excavated 
under the water.
116
 
In Early Bronze Age, many settlements built either over the settlements of the Copper Age 
either new settlements were created that are dated between 4250- 4000 BC. Thirteen of them 
were found during the underwater surveys or building works on the shores of the lake. The 
settlements were up to 400 meters long and there were many builders in comparison with 
Chalcolithic Age and also they were from different ethnic origin.
117
 
To conclude, a large part of the ancient city has been destroyed due to the construction of the 
modern city above the ancient city. So, we have a small amount of archaeological evidences 
and a part of them has been discovered into the sea and mainly from the prehistoric period of 
the area when the level of the sea was much lower than today. 
iv. Callatis  
According to Pseydo- Scymnos, Callatis was founded by the Doric colony, HeracleiaPontica 
in the end of the 6
th
 c BC.
118
 The city is located 44 km south from Constantia and 
approximately 10 km from the borders of Romania and Bulgaria. Unfortunately, the present 
city of Mangalia was built above the ancient one and so we cannot have one complete 
archaeological image.
119
 
As regarding the underwater excavations, there as some experimental ones that showed that 
there was a port in that area but it is possible that Callatis had two ports, one external, which 
was situated in front of the city and another one in a natural cape that nowadays it is called 
“Plajamarinarilor”.120 
At the end of 19
th
 c, P. Polonic tried to draw a map of the city and its port, which was defined 
from the northern defensive wall until a large breakwater, which reached until the lake of 
Mangalia.
121
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Between 1963- 1967 Constantin Scarlat conducted underwater research, which showed that 
in ancient times there was a huge bay of 2× 2× 1 marine miles and the harbor was closed with 
three breakwaters, which were constructed on the natural slopes and two dams that were to 
the extension of the northern and southern defensive walls. Finally, under the water 
buildings’ foundations, stone paving slabs, mooring places and two wrecks were emerged.122 
2. Northern Black Sea 
 
i. The Island of Leuke (Snake Island)  
The present Ukrainian island, which is near the Danube river, was already known from the 
middle- second half of the 7
th
 c BC, when the Greeks has colonized it. The island has strong 
connections with the cult of Achilles. In addition, after the disappearance of the antique 
civilization, the first mention for the island is from the Middle Ages, the 13
th
 c. Generally, the 
island there is on all maps of 13
th
 until 17
th
 centuries. However, the archaeological interest 
begun in the 19
th
 when in 1801 I. M. Budischev designed a plan of the island with ancient 
structures and the first excavation was conducted in 1841 and continued until 1852.
123
 
As regarding the underwater excavations, in 1964 for the first time an underwater 
archaeological expedition took place and then in 1968 there is, also, one more but it has no 
results. Afterwards, in 1988 the Odessa Archaeological Museum started again the underwater 
excavations.
124
 
Analytically, during the underwater excavations, 9 stone, 35 lead rods, 6 fastenings for paws 
of anchors have been found. In addition, two stone rods were lifted; one has been preserved 
in half and one more in the length of 1.4 m and width of 0.25 m. and they are dated to the 6
th
- 
5
th
 c BC. From the 5
th
 c have been found some stone rods of other types with inflexed horns 
in length of 1 m. Moreover, in the Snake Island were emerged the most widespread rods. 
They are made of lead and the central part is executed as a rectangular aperture from which in 
both sided rectangular horns miss. Finally, there are, also, some anchors with the lead core 
inside a rod and these types of anchors used mainly in the 2
nd
 c BC.
125
 
ii. Olbia &Berezan 
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Olbia is situated in Ukraine and on the right bank of Bug’s estuary, near the modern city of 
Nikolaev.
126
 Milesians founded the city in the second half of the 7
th
 c BC if we take into the 
consideration the evidences in the lower part of the region of the river Bug but the Olbia as a 
state was created in the end of the second third of the 6
th
 c BC.
127
 
The existence of the ancient city of Olbia was known already from the 18
th
 c, when P. S. 
Pallas visited Nikolaev in 1794 and the writer, P. I. Sumarokov identified hundreds of tombs. 
In 19
th
 c some small- scale excavations begun from P. P. Keppen in 1819, I. M. Muravjev- 
Apostol in 1820, I. P. Blaramberg in 1822 and A. S. Uvarov in 1851. From these excavations, 
it is interesting that I. M. Muravjev- Apostol and I. P. Blaramberg pictured in their plans 
some objects that discovered under the water. In the beginning of the 20
th
 c, the excavations 
continued to the main city and its necropolis. In 1971- 1977the Institute of Archaeology of 
NAS of Ukraine decided to conduct hydro- archaeological surveys. The results of this 
research were that for the first time they could have a complete picture of the ancient coast 
and they measured the quay. All the survey was based on the use of light diving equipment 
and also with the geoacoustic equipment.
128
 
The Lower part of the city has been destroyed by the waters of the river Bug. In this area, 
there was a fish market while it is referred in the decree in the honor of Protogenos. 
Additionally, like I mentioned above, researchers discovered a disorder of stones that they 
characterized them as quay. Furthermore, it supposed that the ruins of a big tower were 
discovered. Scholars assume that this tower was situated at the coast of the river and also, the 
place of the accommodation of the warehouses of the harbor was found.
129
 
On the other hand, there is Berezan, which was founded by Milesians in the 7
th
 c BC. 
Initially, the Berezan was situated on an island, 70 km from Odessa.
130
 The island, nowadays, 
is very stiff while its height from the sea level is 4- 6 m from the northern part and up to 21 m 
from the south- eastern part. However, in ancient times the level of sea was 5- 7 m lower than 
the modern one.
131
 
The archaeological investigation of the island begun in 1884 by R. A. Prendel. Systematic 
excavations were started to carry out in 1904- 1910 and 1913 under the leadership of E. R. 
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von Stern. In the whole of the 20
th
 c, excavations were conducted regularly by Ukrainian 
scholars and from 1988 until now by V. V. Nazarov. 
132
 
Ukrainian archaeologists carried out underwater expeditions with the aim to find the harbor 
of the city, which is still unknown the exact place but they found some fragments of 
amphorae and an anchor. Although, the transgression of the Black Sea, which has caused the 
collapse of a part of the settlement, researchers could define the size of this part, which is 
under the sea.
133
 
iii. Nymphaeum 
Nymphaeum is located 17 km from the city of Kerch on the cape of Kara Burum. The city 
was founded by the Ionians and especially by the citizens of Samos in 580- 560 BC. 
134
 The 
city was important according to Strabo because of the fertile soil and the perfect harbor.
135
 
As regarding the archaeological research, there were not excavations before the 1860s. The 
first organized investigation was conducted in 1876 by the Archaeological Committee under 
the leadership of A. E. Lytsenko. After then, excavations continued to carry out with a stop in 
1880 and in 1914 there was the first publication by M. I. Rostovstev. In 1930s the 
excavations through in a new stage because the city, its necropolis and its rural territory 
begun to excavate systematically. In 1990- 1991 the underwater investigations, which were 
headed by A. Shamrai, showed the paleogeographic situation of the area, the actual size of 
the city and the place of the harbor that it is mentioned by the ancient authors.
136
 
iv. Phanagoria 
According to archaeological evidences, the foundation of the city is dated in the 6
th
 c BC. 
137
 
Strabo gives details in his work, “Geography”, about Phanagoria and refers that the city was 
the “metropolis” of Asiatic Bosporus138, to wit nowadays in the Taman peninsula. In addition, 
Hekataios of Miletus wrote that the name of the city is derived from its founder, who was 
Phanagoros and also mentioned that the location of the city was in an island.
139
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So, scholars gave great significance to the underwater excavations. In 1938- 1940 V. D. 
Blavatsky gave attention to the part alongside the seashore. This research showed that there 
was the settlement from the Archaic period until the Middle ages. The upper part of the layer 
was tough to excavate because the part was situated under the water, approximately 2m 
below. Remains of foundations of public buildings, dwelling houses, streets, water wells, 
pottery kilns and dwelling quarters of the Middle Ages are discovered.
140
 
The submerged part of Phanagoria was investigated by V. D. Blavatsky in 1958- 1959. The 
ancient coastline was 220- 240 m away from the modern one and in 1999 with the use of 
hydro- acoustic equipment, scholars drew a bathymetric map. Another task of underwater 
archaeologists was to clean a huge agglomeration of stones. This concentration of stones has 
been discovered 125m away from the shore and they occupied 1.000 sq. m. Some stones have 
architectural details and other stones are construction blocks of different dimensions. One of 
them is 1.7 m large and from marble and so researchers suppose that it is from a large public 
construction made of marble. Furthermore, a couple of column bodies of limestone with 
diameter 0.82 to 0.96 m are emerged and it is another4 one proof that there was a significant 
public building. Moreover, fragments of architectural details, fractions of statues made of 
marble, shreds of ceramics, bronze coins, objects made of bone and ivory are discovered and 
they are dated from the 5
th
 c BC until the Middle Ages. To conclude, researchers believe that 
underwater excavations should continue because Phanagoria has to offer more underwater 
discoveries.
141
 
v. Hermonassa 
Hermonassa was founded in the end of the 6
th
 c BC by Ionians to the South of Taman 
peninsula. Strabo in his work, Geography, refers the location of the city with details and also 
Dionysius the Periegetes mentions that Hermonassa was a well- built city.
142
 
However, due to the volcanic activity and the silting of the channels of Antikitos, the map of 
Taman gulf has changed a lot and so it is difficult to define the exact location of the city. As a 
result, the northern part of the city has collapsed into the water. V. D. Blavatskij has carried 
out an underwater expedition and he managed to boundary the city 90 m away from the 
modern coastal line.Futhermore, south of the city there is a dried lake which was full of water 
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in ancient times and a hypothesis is that there was situated the harbor.
143
 Finally, even the 
excavated parts of Hermonassa started to disappear in the sea.
144
 
3. Eastern Black Sea 
This part of Black Sea was already known from the myths of the Greeks, while there was 
located Colchis, a region that is connected with the myth of Argonautic Expedition and the 
Golden Fleece. However, the problem of Greek colonization is extremely complicated due to 
the scarcity of the written sources.   
i. Phasis 
Phasis is situated to the modern western Georgia or there where in ancient times was Colchis. 
The Milesians founded their colony to the end of the 7
th
 c BC- the beginning of the 6
th
 c BC. 
The name of the city is probably derived from the near river which was called Phasis. The 
river is mentioned by Hesiod in Theogony and also in the Catalogue of Women. Additionally, 
Pseudo- Scymnus, Arrian and Agathias agree that the colony was located to the left bank of 
the river and Strabo mentions that there was a lake near to the city.
145
 
So, the ancient city should be in the modern times there where there is the port of Poti and the 
river Rioni falls into the sea. The Rioni river is identified as the river Phasis and near there is 
also the lake that today is called Paliastomi.
146
 
In the area there were constant changes of the coastline, especially during the Phanagorian 
regression, in which the level of the sea was 4 to 5 meters lower than it is today. This 
regression began already from Archaic and Classical period, when the cities were built near 
the sea and until the end of the Hellenistic period the most of the cities were under the 
water.
147
 
VakhushtiBagrationi, Georgian historian and geographer of 18
th
 c, has referred that to the 
south of Poti there is a large lake, Paliastomi, which its current enters into the sea and in this 
area there was a city that now is under the water.
148
 Scholars based on this passage and 
conducted underwater research. The results were that in the southern part of the lake remains 
of structures and medieval pottery were discovered and also in the north- western part ruins 
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of a settlement of the 3
rd
- 8
th
 c A.D. and household pottery, kitchen ware and some burials 
have been found in the water. The earliest findings are a base from a Rhodian amphora of the 
Hellenistic period and some fragments of a black- glazed vessel. However, probably these 
findings have come from the currents of the river into the lake. Unfortunately, evidences from 
the Phasis of the Classical period have not discovered around the area of the lake of 
Paliastomi but neither the underwater expeditions were successful in the sea from the Poti 
until the village Grigoleti, 5500m and to the depth of up 10 m.
149
 
 
4. Southern Black Sea 
 
i. Sinope 
Sinope was founded in the 8
th
 c BC, according to the ancient sources but some archaeologists 
consider that the city was founded in the 7
th
 c BC, on the Sinope promontory at the center of 
the Turkish Black Sea coast. The location of the city was on an isthmus that connected the 
headland of Boztepe with the mainland. So, Sinope has two ports; one on the northern side, 
which was protected from the eastern winds and another one on the southern side, which was 
protected from the western and northern winds. The harbor of Sinope is frequently referred 
by the ancient authors, such as Polybius and Strabo.
150
 
An extensive underwater research was started in 2000 by Robert D. Ballard. On the seabed of 
the western Sinope, four shipwrecks are discovered; Shipwreck A, B, C and D. The first three 
shipwrecks are dated from the Late Roman period or Early Byzantine period, to wit between 
4
th
 c and late 6
th
 c AD. In these shipwrecks are found a great amount of carrot- shaped 
amphora, a distinctive example from Sinope. The vessels carried probably products of Black 
Sea region, such as olive oil, wine or fish sauce. An unique exception is the shipwreck D, 
which was found 25 km north of Sinope and at the depth of 320 m. The particular shipwreck 
saves the timbers of the ship. According to radiocarbon analysis, the ship is dated to 410- 520 
AD. Although the identification of the wood, the origin of the ship is unknown. It is visible 
some long ridges, probably spars which lie along the deck and some are between two pairs of 
uprights aft of the mast. Despite the fact that the ship was found almost intact without any 
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wood erosion, some problems exist, such as some hull components are missing, like the lack 
of top rail or sheer strake.
151
 
ii. Amastris  
Amastris was founded by the wife of a Heracleian tyrant in the 4
th
 c BC on a Turkish 
peninsula that formed a narrow isthmus. So, the city had two harbors, one small and one large 
to the east. The investigation of the harbors are extremely difficult because at the small 
harbor, the upper blocks were taken away for reuse and the lower rows of blocks buried 
under rubble that came from the waves of the quarry and the debris from the Horhor river. 
The large harbor, also, destroyed by the shifting course of the streams and the waves after the 
construction of the pier in 1927.
152
 
The results of some poor investigations showed that the ancient docks were constructed by 
large blocks in opus revincium. The eastern dock of the small harbor was 180m while the 
southern one was 81m. There was, also a breakwater that was 80 m. Additionally, in the area 
of the small harbor there are parts of columns on the natural rock that were into the water. 
Scholars assume that maybe there are from a watch tower and with it a flight of rock- cut 
steps and a rectangular pool are connected. On the plans of Jouannin in 1803 and von Diest in 
1886 the situation of the harbors are visible.
153
 
 
iii. HeracleiaPontica 
According to Pseudo- Scymnus, the foundation of the city is dated 560 BC, when Cyrus 
conquered Media.
154
 As regarding the colonists, Strabo refers that the first settlers were the 
Milesians
155
 but later the city refounded by Boeotians and Megarians.
156
 
HeracleiaPontica had a well- protected natural harbor to the North and it is mentioned 
frequently by the ancient authors, as Memnon. The bay was 5 km in width and 1.5 km in 
length and it ended in Baba cape or otherwise in the ancient Acherousian peninsula. The 
harbor probably was connected with the jetty wall and the docks in the Hellenistic period. 
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There was, also, a mole that closed the bay and from that only the northern arm survived and 
it is under the water. In addition, the pier continued for 270m to the South- east and from the 
pier, large blocks which was made of volcanic rock, were discovered in the sea and the 
stratigraphy of them are not possible. Finally, the harbor of the ancient city had a trapezoidal 
form and it is not possible to be totally included into the city wall. According to surveys, the 
size of the harbor was 600m in width and 300m in depth.
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Conclusion 
 
The underwater archaeology, undoubtedly, could us offer the opportunity to broaden our 
knowledge for the civilizations of the past. However, like the excavations of the land, it is 
essential a good organization. The surveyor should have already a plan before he starts to act. 
In underwater archaeology, the time plays a significant role because the movements of the 
currents could change the position of the archaeological findings. In addition, for the same 
reason the recording of the findings and of the area is crucial. The records should be detailed 
as possible it could be. Then, the search and firstly the fixing of the position could be started 
but also it is needed to exist a systematic plan and the surveyor should, also, think the money 
which is available. There are many techniques, as the remote sensing surveys that are too 
expensive. The director should consider how accurate the survey wants to be. Finally, the 
excavation begins with the suitable tools without damage the artifacts. However, the survey 
does not stop here, the divers should dismantle the archaeological findings with attention, 
they emerge them and then the findings sent to the laboratory or to the museums for the 
conservation and in the last stage they exhibit to the museums. 
As I said before, the underwater archaeology helps us to know more for ancient civilization, I 
believe strongly that it is the tool for learning more about the Black Sea cities. It is a part that 
only in the last years there was an interesting for this region. Due to the great geological 
changes, many cities lay into the seabed and wait to discover their past. So, the above 
methods depending on the region and the aim of each surveyor could be used to discover 
them. In Apollonia Pontica, Messambria, Phanagoria and etc, archaeologists have been found 
that there are findings that should be emerged and not forget that the majority of the harbors 
of these cities are in the sea, waiting to discover them and this will give the chance to 
scholars to study more about the trade. It is significant to remember that there are cities that 
from the topographic maps show that there are great possibilities that they continue under the 
water, like Nymphaeum.    
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